Recommended 2β(2ν) half-life values and their systematics were analyzed in the framework of a simple empirical approach. T 
Introduction
Double-beta decay was originally proposed by M. Goeppert-Mayer in 1935 [1] as a nuclear disintegration with simultaneous emission of two electrons and two neutrinos:
(Z, A) → (Z + 2, A) + 2e − + (0 or 2)ν e
There are four possible double-beta decay processes: 2β − , 2β + , ǫ β + , 2ǫ and two decay modes: two-neutrino (2ν) and neutrinoless (0ν) [2] [3] [4] . 2ν-mode is not prohibited by any conservation law and definitely occurs as a second-order process compared to the regular β-decay. 0ν-mode differs from the 2ν-mode by the fact that no neutrinos are emitted during the decay. This normally requires that lepton number is not conserved and neutrino should contain a small fraction of massive particles that equals to its anti-particles (Majorana neutrino). Obviously, observation of 2β(0ν)-decay will have enormous implications on particle physics and fundamental symmetries. While observation of 2β(2ν)-decay will provide information on nuclear structure physics that can be used in 0ν-mode calculations [5] .
Experimental evidence and theoretical calculations indicate that probability for 2ν-mode is much higher than for 0ν-mode. In fact, 76 Ge 2β-decay experiments [6] [7] [8] [9] [10] have demonstrated that half-life time for 2β(2ν)-decay is at least four orders of magnitude lower than 2β(0ν). Finally, we concentrate here on the experimentally observed 2ν-mode only.
Analysis of Recommended Values
Double-beta decay is an important physical process and experimental results, in this field, have been compiled by several groups [11] [12] [13] . These compilations were used to produce adopted or recommended values [14, 15] . Table 1 shows NNDC-recommended values [15] which were deduced in the accordance with the U.S. Nuclear Data Program guidelines [16] . NNDC recommended numbers represent the best available values, further measurements will result in the addition of new and improvements to existing values. 
1/2 values are often described as follows [2] :
where the function G 2ν (E, Z) results from lepton phase space integration and contains all relevant constants. From the Eq. 2 one may conclude that decay half-lives depend on transition energy, charge and nuclear deformation.
It will be useful to analyze these half-lives using the Grodzins' approach [17] and the relevant data from Table 1 . In this analysis, we will consider only 2β − -decay parameters for 0 + → 0 + transitions, i.e. transitions without γ-rays and adopt deformation parameters (β 2 ) from Raman et al. [18] . Table 1 indicates that in spite of small data sample we are effectively covering the whole range of nuclei from Z=20 to Z=92.
First, we will analyze half-life values of 128,130 Te. Both tellurium isotopes have the same charge, similar nuclear structure while 2β − -transition energies are different. It is natural to assume that difference between tellurium half-lives is due to transition energies [20] . In fact, tellurium data for T 2ν 1/2 are consistent with the following ratio:
From here we deduce the following trend:
This conclusion agrees well with the theoretical calculation of Primakoff and Rosen [21] who predicted that for ββ(2ν) decay, the phase space available to the (four) emitted leptons is roughly proportional to the eighth through 11 th power of energy release. It is known that half-lives depend on dimensionless Coulomb energy parameter ξ ≈ ZA −1/3 [22] . This will modify our result for 2β-transition as follows:
Second, we notice that half-life value for 100 Mo is lower than for 96 Zr while deformation parameter (β 2 ) for 100 Mo is almost 3 times larger than that of 96 Zr. In this work, we will try to model dependence of halflives on nuclear deformation with deformation parameters (β 2 ). These two half-lives become more consistent if we will include deformation of the parent nucleus into Eq. 5:
Finally, a fit of experimental data provides the empirical rule for T 
where T 2ν 1/2 in years and E in MeV. Large error in the Eq. 7 is due to deformation parameter values, where ∼20 % of β 2 error will result in ∼40 % deviation of T Empirical rule, Eq. 7 is only valid for 2β(2ν)-decay transitions without γ-rays. For transitions to the excited 0 + states of daughter nuclei, when reaction products are emitted and statistical sample is reduced to 100 Mo and 150 Nd, half-life will depend on higher than eight power of energy release.
Empirical Rule Predictions
Eq. 7 allows us to predict half-life times for all nuclei of interest as shown in Table  2 Xe calculated half-life is very sensitive to the deformation parameter (β 2 ) that was adopted from Raman et al. [18] . Unfortunately, due to lack of experimental data, Raman's values are often based on a single measurement [18, 23] . For example, β 2 ( 136 Xe) was deduced from the measurement of Speidel [24] . By replacing Raman's adopted value with an earlier measurement of Edvardson and Norlin [25] we obtain T 2ν,predicted 1/2 ≈ (9.0±4.5)×10 20 y that is comparable with the experiment [26, 27] . The similar situation is observed for 96 Zr, 100 Mo, 238 U and 116 Cd, where Raman values are based on the relatively old and sometimes inconsistent data [18] .
Current analysis highlights strong dependence of 2β(2ν)-decay half-life values on nuclear deformation. Future measurements with charge-exchange reactions will help to clarify these issues. This will lead to better understanding of nuclear structure of even-even nuclei. The same analysis also reveals high probability for 2β(2ν)-decay in the strongly deformed nucleus of 160 Gd.
Conclusion

128,130
Te data analysis led to observation of 1 E 8 energy trend for T 2ν 1/2 recommended values that is consistent with two-nucleon mechanism of 2β(2ν)-decay [28] . The energy trend and deformation parameters were used to explain nuclear systematics of recommended values and create an empirical rule for 2β(2ν)-decay half-lives. The rule has been used to calculate T 2ν 1/2 for all nuclei of interest.
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